It has long been recognized that diabetes mellitus and gestational diabetes during pregnancy are associated with the birth of unusually heavy infants [5, 14, 19] and that the birth of a heavy infant may indicate the presence of otherwise unsuspected maternal diabetes [12, 13] . It has therefore been recommended that women bearing infants weighing 4.5 kg or more be classified as potential diabetics [25]. The infants themselves may also have problems and abnormally rapid glucose disappearance rates have been noted in about one-fifth of infants weighing 4.5 kg or more [6, 17] . As an alternative to the use of an absolute birthweight criterion in the identification of the potentially diabetic mother we have investigated the use of birth-weight related to gestation [8, 21] , defining a "heavy-for dates" (HFD) those infants with birth-weights above the 95th centile for gestational age after adjustments for the birth rank and sex of the infant and the height, mid pregnancy weight and social class of the mother [9, 22] . In a pilot study [18] we investigated glucose tolerance in twelve HFD infants and found that one-third of the infants had hyperinsulinism with enhanced glucose tolerance of a type usually associated with maternal diabetes. We have also shown that seven per cent of pregnant women who had previously given birth to a HFD baby had intravenous glucose tolerance test results in the diabetic range [ abnormality, it can reasonably be deduced that the HFD infant is at increased risk of developing hypoglycemia, and it has been recommended that HFD infants should be included in screening programmes for neonatal hypoglycemia [3, 17, 20] . The present study was designed to establish the incidence of hypoglycemia in HFD infants.
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As an alternative to the use of an absolute birthweight criterion in the identification of the potentially diabetic mother we have investigated the use of birth-weight related to gestation [8, 21] , defining a "heavy-for dates" (HFD) those infants with birth-weights above the 95th centile for gestational age after adjustments for the birth rank and sex of the infant and the height, mid pregnancy weight and social class of the mother [9, 22] . In a pilot study [18] we investigated glucose tolerance in twelve HFD infants and found that one-third of the infants had hyperinsulinism with enhanced glucose tolerance of a type usually associated with maternal diabetes. We have also shown that seven per cent of pregnant women who had previously given birth to a HFD baby had intravenous glucose tolerance test results in the diabetic range [21] . Although we have not shown that these biochemical abnormalities are associated with any clinical abnormality, it can reasonably be deduced that the HFD infant is at increased risk of developing hypoglycemia, and it has been recommended that HFD infants should be included in screening programmes for neonatal hypoglycemia [3, 17, 20] . The present study was designed to establish the incidence of hypoglycemia in HFD infants.
Patients and methods
Twenty-five HFD term infants (thirteen females and twelve males, mean birthweight 4480 g ± SD 270, mean gestational age 40.2 w ± SD 0.94) were studied during the first 24 hours of life. Excluded .from the study were infants whose mothers were known to have diabetes or gestational diabetes, age of four hours and continued at four-hourly pre-eclamptic toxemia or Rhesus iso-immuniza-intervals thereafter. The volume of feed taken was tion. Parental consent was obtained in all cases.
determined by the infant; no attempt was made to Maternal venous blood and umbilical venous blood force the infant to consume a particular volume of (from the placental side) were taken immediately feed. after delivery. Capillary blood was then obtained Treatment was started if any of the babies was from a warmed heel from each baby at the age of found to be hypoglycemic (plasma glucose one hour and before feeds at the ages of 4, 8,16, < 2 mmol/1); this normally took the form of and 24 hours; on each of these specimens plasma supplementation of oral feeds with additional glucose was estimated using the BECKMAN Glucose carbohydrate in the form of Caloreen (ROUSSEL Analyser [13] , and plasma insulin was estimated NUTRITIONAL DIVISION, Wembley Park, HA9 by radioimmunoassay using the LEPETIT Insulin ONF, England). One infant with symptomatic Kit. (LEPETIT PHARMACEUTICALS LTD, Nicholson hypoglycemia received intravenous glucose. House, High Street, Maidenhead, Berks). The initial clinical examination of each baby included gestational age assessment [8] as a check on the gestation calculated from the mother's age. Meaurements of crown-heel and crown-rump length, and head circumference were made. Measurements of left triceps, left subscapular, left thigh and abdominal (mid way between the umbilicus and the left iliac crest) skin-fold thickness were An intravenous glucose tolerance test [21] was performed post-partum on nine of the mothers.
Results

Glucose and insulin concentrations
Tab. I summarizes the results of the plasma glucose and insulin measurements in the 25 made by the same examiner using the VEREL and patients studied. The values for one baby (see para KESTERVEN [24] calipers as described by FARR 2.5) at zero and 1 hour were not included in the [7] . statistical evaluation of the results since the cord All infants were fed according to the established glucose level and the cord and one-hour insulin feeding regimen for normal term babies on the levels were clearly outliers, unit, except that feeds were.offered to the infants at precise ages, rather thari^on demand" or at incidence of hypoglycemia routine ward feeding-times. Feeds Each author has used conveniently rounded numbers which, in SI units, range from 1.11 to 2.22mmol/l. We have adopted the appropriate rounded SI units of 2mmol/l to define mild hypoglycemia and 1.5 mmol/1 to define definite hypolgycemia in our infants, all of whom had high birth weights. Eleven of the 25 infants studied had a plasma glucose concentration < 2 mmol/1 at least once within the first 24 hours of life; of these, seven (28 per cent) had plasma glucose concentrations < 1.5 mmol/1. In all but one instance, the hypoglycemia occurred within the first eight hours of life, and at the age of one hour, seven infants were hypoglycemic, four with plasma glucose concentrations < 1.5 mmol/1.
Symptoms of hypoglycemia
In only three cases was the hypoglycemia symptomatic: One infant developed vomiting and cyanosis with a plasma glucose concentration 1.5 mmol/1 at the age of 4 hours, another became jittery and irritable with a plasma glucose concentration of 1.6 mmol/1 at the age of 8 hours and the third developed vomiting with a plasma glucose concentration of 1.0 mmol/1 at the age of 24 hours.
Relationship between glucose and insulin concentrations
Cord and maternal glucose concentrations were closely correlated (r = 0.82; n = 20; p < 0.001), the former being statistically significantly lower than the latter (p< 0.001). There were, statistically significant positive correlations between cord insulin concentration and both maternal glucose concentration (r = 0.58; n =19; p < 0.01) and cord glucose concentration (r = 0.82; n = 20; p < 0.001). Partial correlation coefficients between maternal plasma glucose (m), cord plasma insulin When the 1 1 infants who developed hypoglycemia were compared with the 14 remaining infants, there was no significant difference in maternal or cord glucose concentration, or in cord insulin concentration.
Effects of infusion of glucose in mother
There was no relationship between the administration of glucose to the mother during labor and the subsequent development of hypoglycemia in the infants. The highest cord plasma glucose concentration (16.1 mmol/1) was found in an infant whose mother received an infusion of 10 per cent dextrose during labor; although the cord plasma insulin concentration was 374μΙΙ/ιη1, the baby never became hypoglycemic.
Anthropometric assessment
No relationship was found between the development of hypoglycemia and the weight, skinfold thickness, crown-rump length/thigh skinfold thickness ratio (as suggested by SHENNAN [18] ), head circumference/weight ratio and weight/crownheel length ratio of the infant.
2.7 Post-partum intravenous glucose tolerance tests In each of the nine mothers on whom it was performed, the post-partum intravenous glucose tolerance test was normal.
Discussion
Although it has been recommended [3, 20] that high-risk infants to be screened for neonatal hypoglycemia should include HFD infants, the degree of risk in such infants is uncertain. In no evidence that the more obese babies, as assessed previously published studies the incidence of by skinfold thickness and various anthropometric hypoglycemia in HFD infants has varied widely, ratios, were more liable to develop hypoglycemia LUBCHENCO and BARD [11] classified neonatal than the thinner babies. hypoglycemia by birth-weight centiles and found Although the study was based on the previous an incidence of one case in 48 HFD term infants demonstrations [6, 17, 18] that HFD infants (2%). GUTBERLET and CORNBLATH [9] demon-showed rapid glucose disposal and hyperinsulinism strated hypoglycemia in four "large for gestational similar to that seen in the infants of diabetic age" infants in a total inborn population of 6317 mothers, we found no relationship between high infants; if 5 per cent of these infants were HFD, insulin concentration and the development of the hypoglycemia rate in such infants would be hypoglycemia; the positive correlation between about 1 per cent. TOH and Ho [23] in a prospec-cord insulin and glucose concentrations suggests tive study demonstrated hypoglycemia in 4 per appropriate rather than excessive insulin secretion, cent of babies weighing more than 4 kg. In con-In the nine mothers on whom it was performed, trast, CARAMELLO [2] found hypoglycemia in 18 including three whose infants had had neonatal of 36 HFD term infants, an incidence of 50 per hypoglycemia, glucose tolerance was normal postcent, and BRANDT [1] reported an incidence of partum. We have therefore no evidence that the five in 13 (38 per cent) HFD infants. metabolic disturbance in the HFD infant is similar Our results support the suggestion that HFD to that seen in the infant of the diabetic mother, infants are at risk of developing hypoglycemia, but the rapid post-partum fall in glucose concenparticularly in the early hours of life. GUTBERLET tration, the development of hypoglycemia in seven and CORNBLATH [9] would classify the hypo-of 25 infants (28 per cent) at the age of one hour, glycemia seen in our patients as "early transitional and the large maternal vein -umbilical vein idiopathic". We found the hypoglycemia easily glucose concentration gradient, point to rapid controlled with oral carbohydrate supplements, glucose disposal in these infants, which may and only a small minority were symptomatic.
account for the development of obesity during Although the infants studied were, by definition, fetal life, unusually heavy for their gestational age, we found Summary Diabetic mothers commonly give birth to unusually heavy pometric measurements: Crown-heel and crown-rump babies; these babies may show abnormally rapid glucose lengths* head circumference and left triceps, subscapular, disposal, and are at risk of developing neonatal hypo-thigh and abdominal skin-fold thickness, glycemia. The birth of an unusually heavy baby may Eleven of the 25 infants had low plasma glucose concenindicate the presence of otherwise unsuspected maternal trations (< 2 mmol/J) in the course of the study; in seven diabetes; about one-fifth of infants weighing 4.5 kg or the plasma glucose concentration was < 1.5 mmol/1. more show enhanced glucose disposal similar to that seen Seven of the infants were hypoglycemic at the age in infants of diabetic mothers, and are also at risk of of 1 hour, four with plasma glucose concentrations developing hypoglycemia. Rather than using an absolute < 1.5 mmol/1. In only three cases was the hypoglycemia birth weight criterion in identifying unusually heavy symptomatic. infants, we have preferred the use of birth weight/gesta-Statistically significant positive correlations were noted tional age centile, and have studied 25 infants with birth between cord and maternal glucose, cord insulin and weights above the 95th centile for gestational age. We maternal glucose, and cord insulin and cord glucose excluded infants whose mothers were known to have concentrations. No significant relationship was demondiabetes, pre-eclamptic toxemia or Rhesus iso-immuniza-strated between insulin and glucose concentrations at any tion. Maternal venous und umbilical venous blood samples other age. When the eleven infants who developed hypowere taken immediately after delivery, and capillary glycemia were compared with the other 14, there was no blood was taken from the infants at the age of 1 hour, significant difference in maternal or cord glucose concenThe infants were fed regularly 4-hourly but the volume of trations, or in cord insulin concentration, and maternal feed taken was not regulated. Capillary blood was taken glucose infusion during labor was not related to the from the infants pre-feed at 4, 8,16 and 24 hours of age. subsequent development of neonatal hypoglycemia. No Clinical assessment of the infant included various anthro-relationship could be demonstrated between the develop-ment of hypoglycemia and any of the anthropometric measurements. Post-partum intravenous glucose tolerance tests were performed on nine of the mothers; all were normal. It is suggested that heavy-for-dates infants are at risk of developing hypoglycemia, particularly in the early hours of life. This does not appear to be related to hyperKeywords: Heavy-for-date infants, hyperinsulinemia, hypoglycemia, insulin, plasma glucose.
insulinemia; the positive correlation between cord insulin and glucose concentrations suggests appropriate rather than excessive insulin secretion. Although there was· no evidence of maternal diabetes, these infants appeared to show rapid glucose disposal similar to that seen in infants of diabetic mothers. 
Zusammenfassung
Blutzuckerkonzentration bei übergewichtigen Kindern Oft gebären diabetische Mütter übergewichtige Kinder. Diese Neugeborenen zeigen häufig eine Hypoglykämie. Die Geburt eines besonders schweren Kindes kann einen bis dahin unbekannten Diabetes der Mutter anzeigen. Ungefähr ein Fünftel der Kinder, die 4,5 kg und mehr wogen, haben einen erhöhten Glukoseverbrauch, ähnlich dem der Neugeborenen diabetischer Mütter, und sind ebenso Hypoglykämie gefährdet. Anstelle des absoluten Geburtsgewichtes wurde die Geburtsgewicht/Gestationsalter
